Introduction
these proteins is increased during desiccation and they form non-crystalline 1 amorphous solids. This vitrification process is implicated in the desiccation tolerance 2 of tardigrades. 3 Though fluorescence is abundant in marine organisms, it is not very common 4 in terrestrial animals. Fluorescence has been reported in parrots, scorpions, 5 chameleons, frogs, and nematodes (Arnold et al., 2002; Coburn et al., 2013; Lagorio analysis was performed with 1000 bootstrap replicates using a General Time 1 Reversible (GTR) + G+I model. Tardigrades and their eggs were placed on a glass slide with two drops of saline 5 (0.9%) solution. Wet mounts were prepared by gently placing a coverslip over the 6 saline drop without damaging the tardigrades. Excess fluid was removed using a lint-7 free tissue paper. Bright field images were captured using Axio Scope upright light 8 microscope (Carl Zeiss, Germany). DIC (Differential interference contrast) and 9 fluorescence images were obtained using Axio Observer.Z1 inverted fluorescence 1 0 microscope (Carl Zeiss, Germany) equipped with an HBO 100 lamp. Band pass 1 1 filters were used for excitation and emission (G365 and BP 445/50 (Carl Zeiss)). Vision imaging software (version: 4.8.2.0; Carl Zeiss, Germany). Three groups of ten individuals from both tardigrade species were taken in 35 mm 1 8 petri dishes coated with 2% low EEO agarose and excess water was removed. The animals remained hydrated for the duration of experiment as they were in contact 2 0 with the moist agarose surface (Horikawa et al., 2013) . They were immediately 2 1 exposed to UV radiation (peak wavelength 253 nm) emanating from a germicidal 2 2 lamp (LT-T8 30W/UV-C HRA, Narva, Germany). The irradiance of the beam was 2 3 0.111 mW/cm 2 as measured by an UV radiation meter (UVITEC, UK). The UV dose 2 4 was calculated according to the formula 1 (mW/cm 2 )sec = 1 mJ/cm 2 as described 2 5
previously (Horikawa et al., 2013) . Tardigrades were exposed to multiple doses (0.6 2 6 kJ/m 2 , 1 kJ/m 2 , 2 kJ/m 2 , 4 kJ/m 2 and 8 kJ/m 2 ) of UV light by varying the duration of 2 7 exposure. After the exposure, samples were transferred to fresh 2% agarose-coated 2 8 35 mm petri dishes and cultured as described above. They were monitored daily 2 9 under a light microscope for a period of 30 days. Any eggs laid were collected and 3 0 cultured separately to check their hatchability. grinder. This was followed by centrifugation of the lysate at 20,000 g for 15 min. The 1 supernatant showed fluorescence under UV light (wavelength 254 nm and 365 nm) 2 and 40 μl of it was added in a well of a 96-well plate. 40 μl of sterile water was used 3 as control. Twenty individuals of H. exemplaris or 50 individuals of C. elegans were 4 added in those wells, and exposed to UV-C radiation (1 kJ/m 2 ) as described above.
5
They were monitored every day after the treatment. Five hundred individuals of Paramacrobiotus sp. were transferred into a 1.5 ml tube 9 containing 200 µl methanol. The tube was subjected to a freeze-thaw cycle in liquid 1 0 nitrogen followed by mechanical homogenization using a tissue grinder. The lysate 1 1 was centrifuged at 20,000 g for 5 min and the supernatant was collected. This 1 2 process was repeated twice and the supernatants were pooled. As a control, 1000 1 3 individuals of H. exemplaris were subjected to the same extraction procedure and 1 4 the supernatant was collected. The extracts were then visualized under a UV lamp 1 5 (GeNei TM , India) to observe the fluorescence (excitation wavelengths were: 254 nm 1 6 and 365 nm). with a reverse phase column (Hibar® RT C-18 column; 4.6×250 mm, particle size: 5 2 1 µm) using an auto sampler. A gradient of acetonitrile/water was used as the mobile 2 2 phase at a flow rate of 1 ml/min. A PDA detector was used to detect absorbance at 2 3 350 nm. The fraction corresponding to the unique peak around 5.5 to 6 min in 2 4
Paramacrobiotus sp. extract was collected from the flow-through. After confirming 2 5 the fluorescence of this fraction, it was lyophilized and re-suspended in methanol.
6
Fluorescence properties were investigated using a spectrofluorometer (FP-6300, 2 7 Jasco, USA). As a control the HPLC fraction of H. exemplaris was used. Excitation for details). To identify the species, we sequenced the COI (Mitochondrial 6 cytochrome oxidase 1) gene and ITS-2 (nuclear Internal Transcribed spacer 2) 7 region from a single individual using universal primers as described previously 8 (Folmer et al., 1994; White et al., 1990) . BLAST analysis of the obtained sequences 9 against all available nucleotide sequences in NCBI revealed their high similarity to Tardigrada ( Fig 1A and These tardigrades were about 600 µm long and had reddish-brown 1 7 pigmentation ( Fig 1B) . Close examination of the buccopharyngeal (feeding) 1 8 apparatus of the new isolate showed a cylindrical buccal tube (mouth tube) attached 1 9
to an oval shaped pharynx. The mouth opening was surrounded by buccal lamellae 2 0
in a circular arrangement mounted on the buccal crown. The feeding apparatus had 2 1 anterior macroplacoids and posterior microplacoids with piercing stylets in a bent 2 2 position ( Fig 1C) . Hind legs had two Y-shaped double claws ( Fig 1D) . The eggs laid 2 3 by this tardigrade were spherical and ornamented with conical surface projections.
4
They were deposited outside the moulted cuticle ( Fig 1E) . All these morphological Since tardigrades are known for their tolerance to extreme conditions, we exposed 3 0
the Paramacrobiotus sp. to multiple physical stresses. We observed that these 1 0 minutes after the same treatment (Fig 2A) . Furthermore, 60% of Paramacrobiotus 1 sp. survived 1 h exposure to UV radiation (corresponds to 4 kJ/m 2 ) beyond 30 days of Paramacrobiotus sp., but not on its moulted cuticle ( Fig 3A) . Extract from 1 2
Paramacrobiotus sp. obtained after homogenizing the organisms in tissue lysis 1 3
buffer also showed strong fluorescence under UV illumination (254 nm and 365 nm).
The fluorescence was absent in the extract from H. exemplaris. The fluorescence 1 5
was intact even after proteinase K treatment of the lysate for one hour suggesting 1 6
that the fluorescent compound is not a protein ( Fig 3B) . revealed that the hypopigmented and the pigmented tardigrades belong to the same 2 0 species ( Figure 4A and S1). Interestingly, hypopigmented Paramacrobiotus sp.
2 1 showed much less fluorescence under UV light ( Figure 4A and B). When they were 2 2 exposed to UV radiation for one hour, hypopigmented tardigrades showed 2 3 significantly less UV tolerance compared to the pigmented ones. All hypopigmented 2 4
Paramacrobiotus sp. died within 20 days after UV exposure, whereas 60% of the 2 5
pigmented Paramacrobiotus sp. survived beyond 30 days ( Fig 4C) . This observation 2 6
suggests that the newly identified Paramacrobiotus sp. uses fluorescence as a 2 7 mechanism to resist harmful UV radiation. We tested if the UV tolerance can be transferred to UV sensitive H. exemplaris.
2
For this, we homogenized 300 Paramacrobiotus sp. tardigrades in water. The 1 1 sensitive H. exemplaris were covered in this fluorescent extract and exposed to UV 1 radiation for 15 min (corresponds to 1 kJ/m 2 ). H. exemplaris covered in water were 2 used as control ( Fig 5B) . Interestingly, H. exemplaris tardigrades covered in the 3 fluorescent extract showed partial tolerance to UV radiation. Paramacrobiotus sp., which showed much reduced fluorescence, also could not 1 0 confer UV tolerance on H. exemplaris (Fig 5C and D) . Remarkably, the fluorescent 1 1 extract of Paramacrobiotus sp. could confer partial UV resistance on C. elegans, a 1 2 nematode ( Fig 5E) . Together, these results demonstrate that the fluorescence of 1 3
Paramacrobiotus sp. is responsible for its UV tolerance. Properties of the fluorescent compound from Paramacrobiotus sp.
6
We used methanol to extract the fluorescent compound from the newly identified fluorescent under UV light, whereas the extract from H. exemplaris was not ( Fig 6A) .
9
We then subjected the methanolic extract of Paramacrobiotus sp. to High 2 0
Performance Liquid Chromatography (HPLC) to isolate the fluorescent compound.
2 1
We observed a unique peak (absorbance at 350 nm) in the extract from 2 2
Paramacrobiotus sp. near 6 min, which was absent in the extract from UV-sensitive 2 3
H. exemplaris (Fig 6B) . The sample collected from this unique fraction of 2 4
Paramacrobiotus sp. exhibited fluorescence under UV light confirming the isolation 2 5
of fluorescent compound ( Fig 6C) . As expected, the fluorescent peak between 5 and 2 6 6 min in the HPLC profile of hypopigmented Paramacrobiotus sp. was much smaller 2 7 compared to that in HPLC profile of pigmented Paramacrobiotus sp. (Fig 6D) .
8
Analysis using a spectrofluorometer showed that this fluorescent compound has 2 9 excitation maxima (λ ex ) at 370 nm and emission maxima (λ em ) at 420-430 nm.
3 0
Fluorescence was observed in a broad range of the UV spectrum between 250 to 3 1 370 nm (Fig 7A-C) . In this study, we show that a newly identified tardigrade species belonging to 1 3 the genus Paramacrobiotus uses fluorescence to protect itself from UV radiation- radiation protecting these tardigrades from its lethal effects ( Fig S2) .
3
Paramacrobiotus sp. has probably evolved this mechanism to counter high UV 2 4 radiation of tropical southern India from where it was isolated. It is possible that 2 5 these tardigrades have other mechanisms to protect themselves from UV radiation- None of the authors have any competing interests. log-rank test. Hypopigmented Paramacrobiotus sp.
Paramacrobiotus sp.
Paramacrobiotus sp. 
